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3SYJMMATAY
The objective of this work was to synthesize and to
study the physical properties of 147»dihydroxy-3-methyl--
xanthone-r8-carboxylic acid and 1, 7-.dihydroxy-3--rmethyl-
xanthoned-5-carboxylic acid and their derivatives. The
successful syntheses of 1 ,7_dihydroxy-.3-methylxanthone--8--
carboxylic acid (2) and its methyl ethers are described.
With the 5-carboxy Sic acid series, only the methyl 3, 7--
dimethoxy_in methylxanthone--5-carboxylate (34), an isomer
of the desired compound was obtained. In comparing the
nmr spectrum of the cassiollin dimethyl ether (33) as
published by Kulkarni2 with that of the synthesized
compound (3k), it is evident that cassiollin does not bear
the carboxyl function at the 5-position as originally
proposed by.Kulkarni2. The conclusion was based on the
facts that (i) the protons H(6) and H(8) showed clear meta-
splitting signals in its nmr spectrums instead of a singlet
as observed in cassiollin dimethyl ether by Kulkarni2
and (ii) the chemical shifts of the aforesaid protons of
these two compounds are different (^-0.5 ppm). Such evidences
completely rule out (33) as the possible structure for
cassiollin dimethyl ether.
Moreover, I, 7.dihydroxy-3-methy lxanthone--8-carboxylic
acid (2) has the' same physical properities of pinselic acid1,
and its fully methylated compound, methyl 1 ,7.-dirmethoxy--3-
4methylxanthone-8 -carboxylate (31), showed almost the same
splitting pattern and chemical shifts as the nmr spectrum
of cassiollin dirnethyl ether which was reported by Kulkarni2.
The appearance of the nmr signals of the two adjacent protons
H(5) and H(6) has been shown to be solvent-dependent they
are-expected to be revealed as an AB quartet, but in certain
solvent systems, they appeared as an unresolved singlet.
This abnormal propel•ty may be the cause which led Kulkarni
to his erroneous assignment of structure for cassiollin.
Based on our experimental results, we firmly support
the inference drawn by Moppett3 that cassiollin and pinselin











Pinselic acid and its methyl ester, pinselin, were first
isolated and studied by Munekata1 in 1943. Twenty.-seven years
later, in 1970, Kulkarni2 and coworkers isolated cassiollin
from the acid hydrolyzed extractives of the root of a plant
Cassia occidentalis Linn. They both obtained their decar-
boxylation products as I, 7--dihydroxy-3--methylxanthone (1)





In assigning the position of the carboxyl group,
Munekata1 suggested that pinselic acid and pinselin were
formulated as 1,7-dihydroxy.3--methylxanthone-8-carboxylic acid
(2) and its methyl ester (3), respectively. The evidence
supporting his proposal was the difficulties encountered in
esterifying pinselic acid and in hydrolyzing pinselin which
inferred that the most hindered and chelated 8-position for






2From the evidence by Kulkarni and coworkers that
cassiollin readily reacted with boroacetic anhydride to give
a monoacetate which indicated the presence of a non-chelated
hydroxyl function, the proposed structure (3) for pinselin







However, based on the results of direct comparison of
spe ctral and t1 c data in different solvent systems, nppett
reported that cassiollin was identical with. p±nselin. He
also claimed that the structure (3) was preferred for cassio--
llin because one of the doublets in its nmr spectrum was
.found to be actually an AB quartet which was then attributed
to two adjacent ring protons, and in addition, the base peak
of mass spectrum was interpreted as the ion arising from the
loss of methanol from the molecular ion which is characteristic
of salicylate esters
Since the physical data only gave the argumentative
structures for pinselin and cassiollin, it has been our
interest in attempting the syntheses of (2), (3) and (4) in
order to confirm all the proposed structures by chemical
methods.,
3HISTORICAL REVIEW
The terra xanthone is given to a class of compounds of
dibenzo--Y--py.rone Only its oxygenated derivatives occur
naturally in a few families of higher plants and fungi. Such
compounds contain from one to five hydroxyl and/or methoxyl
groups. '5 Clearly, selectivity and orientation control are
the synthetical problems, but there is an advantage that the
xanthone nucleus is normally stable both to bases and to
acids. The stronger acids merely protonate the carbonyl
tom (reversibly) giving rise to hydroxyxanthyliur1 salt.'
n. aoxygen
(5)
Of the known methods, the xanthone synthesis introduced
by Grover, Shah and Shah/ is of the greatest popularity. 8~i8
The required condition is very simple both in starting
materials and in techniques the mixture of a salicylic acid
derivative and a suitable phenol. is merely heated together





4Strictly speaking, it is not xanthones that are usually
formed in the general GSS reaction but benzophenones which
may or may not be isolated as intermediates. Xanthones are
produced directly only if the benzophenone intermediate
r







The use of benzophenone as a precusor for xanthone
syntheses has been attempted with success U 2--Hydroxybenzom
phenones having the 21- or 61--position activated by a hydroxyl
19--24 Thegroup have been cyclized by oxidative coupling.







5Several oxidants have been adopted to convert the
polyhydroxybenzophenones into their respective xanthones
e.g., alkaline K 3 Fe(CN) 6 solution, alkaline KMnO 4 solution,
Mn02 in CHC13, chloranil or even. dichlorodicyanoquinone. As
an illustration,- the cyclization of 2, 3', 6-trihydroxybenzo-








The ease of coupling depends particularly on the
capability of forming a quinone intermediate in the reaction.27
In addition to the oxidative coupling, base-catalyzed
cyclization of 2--hydroxy-21-methoxybenzophenones to their
xanthones has been introduced,28 It has been reported29 31
that treatment with base such as alcoholic KOH or N(CH3)4OH
in aqueous pyridine led to the elimination of a methanol
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However, the orientation of the hydroxyl groups in the
benzophenone precusor is sometimes difficult to control.?
The introduction of a carbonyl function into the resorcinol
nucleus favours the k-- rather than the 2-position in the












The discovery of lithiation of -resorcinol dimethyl
ether occurring almost exclusively at the 2-position provides
a method which may solve the above orientation problem.38
2, 6- Dimethoxyphenyl--lithium was prepared from resorcinol
dimethyl ether and n-butyl-1ithium in absolute ether and thus









The other widely adopted method for xanthone syntheses
is the Ullmann reaction.32 This method involves first production
of a Biphenyl ether by the reaction between a corresponding
phenol and an ester of the halobenzoic acid in the presence of
Cu or Cu 2 0.33 The antiallergic substance, a xanthone-2.-car-
boxylic acid was synthesized. in this manner.34
Me( MeO






8Other alternative methods to synthesize the appropriate
xanthone derivatives include the Robinson and Nishikawa
modification of Hoesch reaction by using o-salicylonitrile to








Tanase' introduced an elegant method which was proved.
to be of special value. This method was used in certain cases
for the preparation of partially methylated polyhydroxyxan-
thones in which the orientations of the substituents were
unequivocally established. 3,8-Dihydroxy-1-met hoxyxanthone
which is not obtainable by any other known synthetic methods




















Since the main difference in the two proposed structures
for pinselin or cassiollin is the different location of the
carboxyl group in the derivatives of 1, 7-dihydroxy-3-methyl--
xanthone (1), our goal is to seek unambiguous routes to
synthesize the two series of compounds (3) and (4). It seems
most desirable to select starting materials in which two
carboxyl groups or potential carboxyl groups are attached
on the same aromatic ring in order that the position of the
carboxyl groups in the condensation product is defined.
After due consideration of the various methods that
have been introduced in the preceding section, a simple route
to synthesize (3) was adopted and illustrated in Scheme I.
It is expected that Friedel-Crafts acylation of 3,5-
dimethoxytol_uene (10) and the anhydride (8) would give two
products, (11) and (12). Demethylation of (11) followed by
cyclization could afford pinselic acid, and subsequently,
upon esterification, pinselin. But actually, in attempting
the acylation reaction of 3, 5-dimethoxyt oluene and the
anhydride (8), as illustrated in path i-a, in the presence of
various Lewis acids3l (11) has never been obtained. Conse-
quently, other alternatives have been sought. It is known
that lithiation of the methylated phenol usually occurs at
the position ortho- to the methoxyl group.3 Therefore,





























1. Demethylation MeOH(2) (3)(11)
2. Cyclization
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group is expected to be introduced in the position between











Compound (1+) with the carboxyl group at the 5-position
could be synthesized by-the application of Ullmann reaction.32
The synthetic route is illustrated in Scheme II. The methylated
ch.lorophenol (15) is oxidized and esterified to yield (17)
which in turn is coupled with 3-hydroxy--5-methoxytoluene in
the presence of freshly prepared copper powder to give (20).
The diphenyl ether (20) is cyclized and demethylated to give
(23) which is then esterified to afford W o. Since the two
aromatic rings are linked together in the form of a diaryl
ether, it makes the cyclization quite easy to proceed due to
the intramolecular acylation. Furthermore, the selective
demethylation of (21) and (22) by BC13 may simplify the











































Since the Friedel-Crafts reaction in path I-a to
introduce a carbonyl group between the methoxyl groups in
the methylated orcinol was unsuccessful, the alternative
route (path I-.b) has now been attempted. n-Butyl-lithium
was used to generate from dimethoxytoluene (10) the aryl-
lithium compound which reacted with carbon dioxide to
give a fair yield (about 3(yx) of the respective benzoic
acid. A similar reaction with the anhydride (8) afforded





i MeIsle 0-I Ole
(11)
The ring protons of the dimethoxytoluene moiety of
(11l are revealed as a singlet in its nmr spectrum in solvent
CDC13 or CD3OD showing that they are equivalent., In solvent
CD3OD, there are only three singlets for the four methoxyl
groups indicating that two of the methoxyl groups are
equivalent. The two non--equivalent protons in the anhydride




























In* addition, its mass spectrum showed the molecular
ions at m/e360 and fragment ions at m/e209 and. 179 which
confirmed the above structure (11). The fragment ions are
initially generated from the rupture of the sigma. bonds
on each side of the carbonyl which is typical fragmentations
of benzophenone.
These data, particularly the nrlr spectrum suggested
that the carbonyl group was introduced between the methoxyl
groups rather than the 2-position of the dimethoxytoluene
However, no triphenyl alcohol (24) has been detected
from this reaction, but a white solid which did not dissolve
in sodium hydroxide solution was found as a side-product..
The absence of the triphenyl alcohol is attributed to the
steric hindrance arounding the carbonyl of the ketone.
From the information of mass spectrum and elemental analysis,
the molecular formula of the by-product was established to
be C28H3008 which suggested a composition of one mole of
phthalic anhydride (8) and two moles of dimethoxytoluene














Base on this structure (25), the prominent ions
shown at m/e494-(M+), 3411-3, 315, 179 and 165 in its mass
spectrum could be represented by the fragments illustrated
below:-
In its nmr spectrum, one of the methoxyl groups
suffers from down--field shift to a certain extent, and the
two adjacent aromatic protons of the phthalic anhydride
moiety show an AB quartet instead of a singlet indicating
that they are non-equivalent. The absorption of the car-
bonyls at 1750 and 1710 cm-I indicates that there are steric
inhibition of phenyl-carbonyl conjugation53 in the molecule.
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The conformational nonequivalence of this bulky molecule
may be the consequence of such unexpected aspects in the nlmr
and it spectra. Further investigation especially by X-ray
crystallography may shed more light on the structure of
this compound.
The most reasonable mechanism for the formation of this
biscarbonyl compound is as shown:
It was hoped that complete demethylation of the
methoxyl groups of the benzophenone (11) by the powerful
reagent BBr3 followed by dehydration of the methyl ester
of the tetrahydroxybenzophenone (26) at elevated temperature
in seal tubes would directly give the xanthone of structure
(3). However, demethylation with BBr3 only gave a yellow





The assignment of the structure (27) was based mainly
on its nmr spectrum. There is only one three-proton singlet
for a methoxyl group and the aromatic protons in the dim ethoxy-
toluene derived moiety indicate that they are non-equivalent.
The two aromatic protons of *the dihydroxyphthalic acid proton
appeared as an AB quartet which is-in agreement with the
assigned structure. The significant peaks at m/e181 and
165 other than the molecular-ion in its mass spectrum








In order to provide a reasonable argument why the
demethylated benzophenone was not obtained, it is necessary
to consider the mechanism for the demethylation by boron-
tribromide1°40 a rigid complex would first be formed leaving
a methoxyl group sterically inaccessible for further attack
by the reagent.
As a result, the formation of the xanthone (2) by
dehydration was abandoned since (i) the fully demethylated
21
benzophenone (27) was not available and (ii) under such
a drastic condition, the yield of the product for subsequent
reactions would be too low to be practical.
However, there was still another one-step reaction
which involved base-catalyzed cyclizatiori of the trihydroxyy--
benzoPhenone (27) leading directly to pinselic acid (2).28
Unfortunately, when the compcund (27) was heated under reflux
in 2% ethanolic KOH solution, it failed to give any xanthone.
It was probably that (27) underwent oxidation in the presence
of the base forming a benzoquinone intermediate rather than
cyclization.
22
Moreover, the acid--catalyzed cyclization of (27) by
HBr in acetic acidl 4l has been attempted but no fruitful
result has been obtained.
Selective demethylation of (11) by BCl 42 gave a
product the structure of which would either be (28) or (29).
The nmr signals for the ring protons of the phthalic
anhydride moiety preliminarily indicated that the demethylated
product has the structure (29) where their chemical shifts
are expected to be distinctly different. For the structure
(28), the two protons in the dimethoxytoluene moiety would
be expected to appear more or less as a singlet because they
are under the influence of approximately the same environment.
Furthermore, the absence of ions at m/e181 and 179 in its
mass spectrum would rule out completely the possibility
of structure (28). The peaks at m/e195, 194 and 165





As (29) was refluxed in 2% othanolic KOHH solution,
the precipitate of a xanthone salt (30a) was collected.
Based on the integration of proton ratio in the
nmr spectrum of (30a), only one methoxyl group was
suggested. The AB quartet of the dihydroxybenzophenone
(29) was collapsed to a singlet.
Upon acidification, the crude product (30) was
obtained. This crude xanthone could neither be satis-
factorily purified by recrystallization nor by chromatography.
Fortunately, the solubility of its salt in sodium carbonate
solution was much lower than the impurities. As a result,
the yield of the purified (3U) was greatly improved.
If the solvent system of CDC13 mixed with D 7S0-d6









































3 2 1 ppm
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the H5 and H6again appeared as a singlet instead of
the expected AB quartet in the 60 MHz spectrum. However,
the quartet was observed if the polarity of the solvent
system was increased by using DMSO-d6 only. Hence the
ortho positions of the two aromatic protons H(5) and H(6)
are well-defined.
In its mass spectrum, prominent ions observed at

















Demethylation of the xanthone (30) by BBr3 yielded
1,7--dihydroxy-3-methylxanthone-8-carboxylic acid (2) in
quantitative yield. This compound has the same melting
point as pinselic acid reported by Munekata.1 Only the














in the nmr spectrum indicating that the reaction is complete.
Protons H(5) and H(6) show a distinct AB quartet when the
signal is sufficiently enlarged.
Similar to the compound (30), the ions observed in
its mass spectrum at m/e286(M+), 268 and 242 can be represented












m/e 242 m/e 268
When compound (30) was methylated with diazomethane,






Three sharp singlets of the niethoxyl and carbomethoxyl
protons appearing in its nmr spectrum indicated that all
the acidic functional groups were completely methylated.
The two adjacent aromatic protons H(5) and H(6) are again
solvent-dependent they reveal an AB quartet in solvent CDC13
but only a singlet in CF3CO2H.




















of compound (31) were almost the same as that of cassiollin
dimethyl ether which was published by. Kulkarni 2.
For our investigation, the nmr data for the series of
the structurally related 2. carbosxylbenzophenone 3 and the
8-carboxylxanthones are summarized in Table I and Table II
respectively*' Comparison of these spectral data revealed
one interesting phenomenon which worth a special word of
mentioning.
The aromatic protons of the anhydride moiety are
susceptible to solvent effect, and the AB quartet will not
be observed in some solvents. Therefore, the structures of
similar natural products might be wrongly assigned if they




Nmr Data of some 2-Carboxylbenzophenones
H(3') H(4)
Cpd Methyl Methoxyl & & Solvent
H(5') H(5)
(11) 2.33 3.50 6.45 7.07 CD3OD
3.61
3.78
2.31 3.69 6.42 6.95(q) CDCL3
3.93 J=9.0Hz
(27) 2.24 3.38 6.20 6.91(q) CD3COCD3
6.28 J=9.5Hz
(29) 2.33 3.50 6.45 7.32(q) CD3COCD3
6.55 J=9.5Hz
1. The spectra are reported in ppm unit with respect to internal
TMS standard (=0).













(30a) 2.20 3.79 6.52 7.09 D2O
6.61


































1.The spectra are reported in ppm unit with respect to internal
TMS standard








9 8 7 6 5 4 3 2
1 ppm
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The objcctive of our work to synthesize (4), the
supposed structure of Kulkarni's cassiollin following
the sequence outlined in Scheme II has been attempted.
In the application of Ullmann reaction, the diphenyl ether
(20), dimeth1 5-methoxy-2-(3-methoxy-5-methylphenoxy)iso-
phthalate, was prepared infair yiold from the condensation
of the sodium salt of 2-hydroxy-5-methoxytolunene with (17)
in the presence of copper powder. The major side-product
was dimethy1 5-methoxyisophthalate which was produced
by catalytic dehalogenation fo (17) by copper. The
structure of the side reaction product was confirmed by
comparing the spectral data and mp with thosee of an authentic
sample. Cyclization of the diphenyl ether (20) by concentrated
sulfuric acid only gave a poor yield of yellow jelly-like
solid which could not be dissolved in most organic solvents-













Hence,othr alternatives had to be choson to effcce
the cyclization. The dimethyl ester (20) was hydoyzed
in KOH solution to give the isophthalic acid (32) in good
yield.
only two peaks were observed in the nmr spectrum
for the two methoxyl groupa and all the earbomethoxyl
protons of the parent compound had disappeared showing
that the hydrolysis was complete.
In its mass spectrum, the ions appearing at m/e332(m)
315(m-OH) adn 195 were interreted. as follow:
cyclization of (32) by employing polyphosphoric acid,
zinc chloride, or fuming sulfuric acid were unsuccessful.
In other attempts, the diaryl ether (32) was taken to react
with thionyl chloride to generate its acyl chloride derivative
which was wxpected to be conyerted into the xanthones (21)
and (22) by an internal Friedel-Crafts acylation using AICI3
as a Lewis Acid in nitrobenzene. The xanthone-5-carboxylic
acids so generted was very difficult to be purified because









































As a result, this crudc material was esterified.
The resulting mixture, separatcd by chromatography, only
gave one pure compound which had the structure cither (33)
or (34). In its nmr spectrum, the chemical shifts of the
protons of the C-methyl group is revcalcd far more down-field
than that of compound (2); but it is very close to the




Therefore, the structurc (34) for the isolated
compound is preferred.
The change of the poloarity of solvents from CDCl3 to
trifluoroacetic acid, however, did not change the nmr pattern
The signals of aromatic protons H(2) and H(4), H(6) and H(8)
are revcaled asw two pairsof meta-splitting doublets with
J=3Hz, The prominent ions observed in its mass spectrum
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Comparison of the chemical shifts of protons in
Pinseli.n,3 cassiollin,2'3 cassiollin dimethyl ether2 and
the synthesized xanthones (2), (30), (31) and (34) are
summarized in Table III. It shows that the shifts of the
aromatic protons H(5) and H(6) of pinselin3 and the synthesized
8-carboxyl xanthones are approximately the same. However,
the shifts of the aromatic protons H(6) and H(8) of our
synthesized compound (34) are distinctively different
(^-O.5 ppm) from the published data for cassiollin and its
dimethyl ether. In fact 9 the published values are very
close to the shifts of H(5) and H(6) of the compounds,
especially of compound (31), mentioned above. Hence
cassiollin would preferably bear the carboxyl function at
the 8- rather than the 5-aposition.
Furthermore, from the ninr spectrum of (34), H(6) and
H(8) show two meta-splitting doublets in both CDC1.3 and
CF 3 C02H which firmly rules out the possible structure of
cassiollin as proposed by Kulkarni2. Since the quartet of
the two ortho-protons H(5) and H(6) in the nirr spectra may be
unresolved in some solvents, any inference based only on
this observation may lead to wrong structure assignment.
Moreover, according to Kulkarni's observation,
cassiollin reacted readily with boroacetic anhydride to form
a mono-acetate, which suggested the presence of a free hydroxyl
function. One probable explanation for such a result may be
due to the different reactivity of the two hydroxyl groups in
34
TABLE III
Comparison of Shifts() of Protons in Pinselin
Cassiollin, 2' 3 Cassiollin Dimethy Ether2 and the
Synthesized Xanthones (2_}_( 0) (31) and (34)
H(5) 11(6)H(2)
Cpd Methyl Methoxyl Solvent
H(8)HM H(6)























1. The structure of compound (3) was proposed for pinselin and
Cassiollin by Moppett3.
2. The structures of compounds (4) and (33) were proposed for
Cassiollin and its dimethyl ether respectively by Kulkarni2.
3. a Published by Noppett3.
b Obtained from 100 MHz spectrum.
c Published by Kulkarni2
4e d, Doublet q, AB quartet centred at S, those data without
specification refer to singlets.
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methyl 1,7-dihydroxy-3-methylxanthone-8-carboxylate (3).
There are two quasi-six-membered rings formed by hydrogen-
bonding of the hydroxyl groups and the carbonyls, but the
one which is composed of the ester function will be
weakened from dipolar-repulsion between the ester
and ketone. As a result, the quasi-ring involving the 1-
hydroxyl group is more stable than that of the 7-hydroxyl
group. In other words, the 7-hydroxyl group is more reactive
in acetylation or methylation, which may lead to mono-









Kulkarni acetylated cassiollin by using boroacetic
anhydride in acetic anhydride (2.5 times more) to obtain a
mono-acetate. This result may well be due to the incomplete
acetylation by acetic anhydride because the reactivity of
the two hydroxyl groups at positions 1 and 7 are different
as suggested above. The same is true in case of methylation
with dimethyl sulfate.
Hence we are able to conclude that cassiollin and
pinselin are of the same structure.
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EXPERIMENTAL
Microanalyses were performed bu Aistralian Mioroanaly-
tical Service, C.S.I.R.P., Voctoria, or the Microanalytical
Laboratory of the University chemical Laboratory, Cambridge.
Melting points were measured on a Kofler microheating stage
and are reported uncorrected. Inared spectra were determined
fir KBr discs with a Beckman IR-10 spectrophotometer, ultra-
violet spectra for organic solutions with a Unican SP-800
spectrophotometer.Proton magnetic resonance spectra were
recorded with a JOEL 60HL Spectrometer(60 MHz); the chemical
shifts were reported in ppm unit with respect to internal
tetramethylsilane standard. Msss spectra were recorded with
an A.E.I. MS-9 spectrometer and with a Hitachi RMS-4 spectro-
meter.
3,6-Dimethoxyphthalonitrile (7)
To a mixture of 25.0 g (0.16 mole) of 3.6-dihy droxy-
phthalonitrile and 28.0 g(excess)of andydrous k2co3 in
700 ml of acetone was was added 34.0 ml (0.35 mole)or dimethyl
sulfate at room temperature in one lot. The resulting
mixture was refluxed for 3 hr during which period white
leaflets were gradually deposited which were collected by
filtration, and washed thorougnly with water and dried under
rediced [ressire. The yield of this product was essentially
quantitative and further purification was found to be
37
unnecessary: mp 280-282° (lit-4 280.281); nmr(CF3C02H),
3.91(s, 6H, methoxyl), and 7.42(s, 2H, aryl).
3,6-Dimethoxyphthalic anhydride (8)
A mixture of 26.0 g (0.14 mole) of (7) in 250 ml of 90%
H2SO4 was heated in a steam bath for 0.5 hr. The resulting
orange solution was cooled to room temperature and poured into
500 ml ice-water. Upon standing at 0.5° overnight, a bright
yellow precipitate was obtained which was collected by filtra-
tion and was washed with cold water followed by 95% ethanol.
Recrystallization of this substance from mesitylene gave
24.6 g (85.5%) of yellow prisms: mp 260-261°(lit. 44 264°).
nmr(CF3000H), 4.12(s, 6H, methoxyl), 7.59(s, 2H, aryl).
3,5-Dimethoxytoluene (10)
To a mixture of 42.6 g (0.30 mole) of orcinol monohy-
date and 500 ml of 5% NaOH at 0°under nitrogen was added in
one portion 61.0 ml. (0.62 mole) of dimethyl sulfate. The
resulting mixture was then refluxed for 4 hr. The cooled
reaction mixture was extracted with diethyl ether and the
combined extracts was washed successively with 10% NaOH, 10%,
NH3 and water and dried over anhydrous CaCl2. The removal of
solvent in vacuo left a brown oil which was distilled under
reduced pressure to give 40.3 g (88%) of colourless liquid:
bp 106°/10mm Hg (lit. 45 222°/720mm Hg) nmr(CC4), 2.21(s,
3H. methyl). 3.60(s, 6H, rnethoxyl) and 6.10(s, 3H, aryl).
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2,6-Dimethoxy-4-methylbenzoic acid
To a solution of 1.5 g (0.01 mole) of (10) in 20 ml of
anhydrous diethyl ether under nitrogen was introduced by
syringe 4.6 ml (0.01 mole) of 20% n-Bui in hexane. The
resulting mixture was stirred at room temperature for 24 hr.
After the organometallic suspension had been purged with a
stream of CO2 for 0.5 hr, 20 ml of H2O was added. The aqueous
layer was acidified by cone. HCl and was extracted by fresh
portions of diethyl ether. organic layer was in turn
extracted with 5% NaHCO3 and the basic solution was acidified
and allowed to atand at 0-50o for 14 hr. The white prccipitate
formed was collected by filtration and recryatallized from
aqucous ethanol to give 0.6 g (30%) of pure product as white
leafletsa: mp 193-194o; nmr(CD3COCD3), 2.32(s, 3H,methyl),
3.78(s,6H,methoxyl), 6.53(s, 2H, aryl);ir(KBr), maxem-1
3000(broad, on), 1690(c=0).
Anal. Calcd for C10H12o4: c, 61.22; H 6.12 Found:
C, 61.45; H, 6.17.
2-Carboxy1-4'-methy1-2',3,6,6'-tetramethoxybenxophenone (11)
(A) Generation of 2,6-Dimethoxy-4-methylphenyl-lithium (13).
To a solution of 6.1 g (0.04 mle) of (10) in 60 ml of
absolute diethyl ether under nitrogen at room temperature
was added thrugh syringe 19.0 ml (0.04 mole) of 20% n-BuLi
in hexane. After stirring for 24 hr, a white solid formed.
To this suspension was added sufficient dried benzene until a
39
clear solution was obtained which was quickly transferred into
a side-armed addition funnel for use in the next steps
(B) Reaction of (8) with (13).
To a vigorously stirred suspension of 8.5 g (excess) of
(8) in 200 ml of absolute diethyl ether under nitrogen at room
temperature eas added dropwise the solution of (13) over
1.5 hr during which period the mixture soon changed into a
brick-red colour. After further stirring for 1 hr, 200 ml of
water was added. The aqueous layer was filtered to remove
unreacted anhydride and the clear filtrate was poured into
ice-water containing an excess amount of HCI. The gummy
substance which was formed was extracted with CHCI3. The
organic layer was washed several times with water and repeatedly
extracted with 5% NaHCO3. The combined extracts was acidified
by conc. HCl giving a yellow precipitate upon refrigeration
overnight. This precipitate was collected by filtration and
taken up in 25 ml of acetone, and allowed to stand at room
temperature for 2 days. The yellow powder thus formed was
recrystallized from methanol to afford 2.4 g (17%, base on (10))
of pure (11) as light yellow prisms: mp 220.221°; nmr (CDCl3),
2.31(s, 3H, methyl), 3.69, 3.93(singlets, 12H, methoxyl),
6.42(s, 2H, 3',5'-aryl), 6.95(q, J=9Hz, 2H, 4,5-aryl), 8.2(s,
1H, acid); ir(KBr),
maxcm-13200-2500(broad, OH), 1700(acid
C=0), 1660 (ketone C=O); uv (CHC13), maxnm240(loge 4.21),




Anal. Calcd for C19H207: C, 63.32;H,5.59. Found:
C,63.00; H, 5.63.
The cther-benzene layer from above was dried over
anhydrous CaCI2 and evaporated to drynesee. The residue was
colourless crystals. Prolonged drying under reduced pressure
recrystallized from acetonee-pet. ether (60-800) to give
at 1000 geve 0.1g (0.5%) of pure 1.,4-dimethoxy-2,3-bis (2,6-
dimethoxy-4-methylbenzoyl)benzene as white prisms: mp 2400;
nmr(CDCI3), 2.20(s,6H,methyl),3.36 3.42, 3.90 (singlets,
18H,methoxyl), and 6.25(s,4H,3,5-aryl of (10) moiety),
6.80(d,2H, 5,6-aryl of (8) moiety); ir (KBr), maxcm-11750,
1710(c=o); uv (CHCI3),maxnm240(10ge 4.32),280(loge 3.56),
288(loge 3.59),323(loge 3.77);ms,m/e494(M),435,419,373;
343(M-C9H11O2),315 (343-CO), 179(C10H11O3), 165(179-CH2).
Anal. Calcd for C28H30O8: C,68.02;H,6.07. Found:
C, 68.22, H, 6.23.
Demethylation of (11)
(A) With BBr3.
To a rapidly stirred suspension of 0.72 g (2.0mmoles)
of (11) in 50 ml of dry CH2CI2 at 00 was added in one lot
1.5 ml (excess)if BBr3. Cooling was discontinued after 1 hr
and the resulting mixture was stirred at room temperature
overnight. The reaction mixture was decomposed with crushed
ice. The insolube yellow solid was collected and taken up
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in 50 ml of 5% NaHCO3. The basic filtrate was acidified and
the acid solution on standing overnight at 0-5° gave a
precipitate. Recrystallization of this substance from aqueous
ethanol gave 0.4 g (63%) of 2-carboxyl-6'-methoxy-4' -methyl-
2',3,6-trihydroxybenzophenone (27) as bright yellow prisms:
mp 184--185° nmr(CD3COCD3), 2.24(s, 3H, methyl), 3.38(s, 3H,
methoxyl), 6.20, 6.28(singlets, 2H, 3',5'-aryl), 6.91(q,
J=9.5Hz, 2H, 4,5-aryl), 13.11(s, 1H, acid); ir(KBr),
maxcm-1
3540, 3410(broad, H--bonded OH), 3200-2500(broad, acid OH),
1670(acid C=O), 1630(ketone, C=0); uv(CH3OH), maxnm207(loge
4.62), 284(loge 4.11), 336(loge 3.93); ms, m/e318(M+),
287(M+-OCH3), 283, 274 (M+-C02), 273(M+-COOH), 269(287-OH2),
257, 181(C8H5O5), 165(C9H9O3).
Anal. Catcd for C16H14O7 H2O: C, 57.14; H, 4.76.
Found: C, 57.06 H, 4.88.
(B) With BC13.
Into a rapidly stirred suspension of 1.2 g (0.33 mmole)
of (11) in 200 ml of dry CH2C12 at -78° was introduced 3.0 g
(excess) of freshly prepared BCI346.After stirring at 0°
for 1 hr and at room temperature for 1.5 hr, the reaction
mixture was decomposed with crushed ice. The organic layer
was separated and extracted repeatedly with 5% NaHCO3. The
combined extracts was acidified by HC1 to give a yellow
precipitate. Recrystallization of this substance from aqueous
methanol gave 0.9 g (82%) of 2-carboxyl-2',3-dihydroxy-6,6'-
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dimethoxy-4'-methylbenxophone (29) as light yellow necdles:
mp 177-178o; nmr(CD3COCD3),2.33(s, 3H,methyl), 3.50, 3.73(
singlets, 6H, methoxyl), 6.45, 6.55(singlets, 2H,3'5'-aryl),
7.32(q,J=9.5Hz, 2H, 4,5-aryl); ir(KBr), maxem-13580 and
3460(H-bonded OH), 3200-2500(broad, aoid OH), 1670(acid c=o),
1630(ketone c=o); uv (CHCl3), max nm208(log 4.63), 284(loge
4.11), 336(loge 3.92); ms m e332(M+), 301(M+-OCH3), 283(
301-H2o), 195(C9H7O5), 194(195-H), 165(C9H9O3).
Anal. Calcd for C17H16O7: C, 61.45; H, 4.82. found:
C, 61.5; H, 4.77.
Attempted Basc-catalyzed Cyclization of (27)
A solution of 0.2 g (0.62 mmole) of (27) in 20 ml of
2% ethanolic KOH was refluxed uneder nitrogen for 4 hr. The
trace amount (~15 mg) of brownish colloidal substance was
collected by filtrateion. This maerial exhibited ill-defined
melting point and attempted purification by crystallization
from various solvent was unsuccessful. The filtrate was
added to 100 ml of 1% HCl and the resulting solution was
repeatedly extracted with diethyl ether. Evaporation of
solvent gave~60 mg of a light brown solid which was found
to be mainly unreacted starting material by melting point.
Attempted Acid-catalyzed Cyclization of (27)
A solution of 0.1 g (0.2 mmole) of (27) in 20 ml of
acetic acide and 5 ml of 410% HBr was refluxed overnight.
Removal of solvent in vacuo left a brown residue which was
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taken up in 50 ml of diethyl ether. Extraction of the
ethereal solution with 10% NaOH followed by acidification of
the basic extract did not give any observable product.
Base-catalyzed Cyclization of (29)
A solution of 0.8 g (2.4 mmoles) of (29) in 100 ml of
95% ethanol containing 2 g KOH was refluxed for 3.5 hr under
nitrogen. The yellow salt which was deposited was collected
by filtration and repeatedly washed by 95% ethanol. Its
structure was established as potassium 1-methoxy-3-methyl-
7-hydroxyxanthone-8-carboxylate (30a) by nmr (D2O) which
displayed the following signals: 2.20(s, 3H, methyl),
3.79(s,3H, methoxyl), 6.52, 6.61(singlets, 2H, 2,4-aryl),
7.09(s, 2H, 5,6-aryl).
A crude sample of the parent acid was obtained by
dissolving the potassium salt above in H2O followed by acidi-
fication with conc. HCI. The free acid was converted into
a water-insoluble sodium salt by addition of 50 ml of 10%
Na2CO3. Regeneration of the free acid was effected by
addition of conc. HCI giving a yellow precipitate. Further
purification of this material by recrystallization from
chloroform-ethyl acetate afforded 122 mg (17%) of 1-methoxy-
3--methyl-7-hydroxyxanthone-8-carboxylic acid (30) as bright
yellow needles which decomposed at 250-252° and remelted at
290-291°: nmr(DMSO-d6), 2.42(s, 3H, methyl), 3.90(s,3H,
methoxyl), 6.86, 6.97(singlets, 2H, 2,4-aryl), 7.47(q,
J=9.5Hz, 2H, 5,6-aryl); ir(KBr), maxcm-1 3000(broad, OH),
44




Anal. Cacld for C16H12O6: C,64.00;H,4.00, Found:
C,63.78;H, 4.26.
Demethylation of (30) with BBr3
To a rapidly stirred suspension of 60 mg (0.02 mmole)
of (30) in 30 ml of dried CH2CI2 was introduced 0.4 ml
(excess)of BBr3 in one lot.After stirring at room
temperature for 2 hr, the resulting mixture was poured into
ice-water. The dried (CaCI2) solution was evaporated in
vacuo to give a yellow solid which was taken up in 100 ml
of diethyl ether. The ethereal solution was extracted with
5% NaHCO3 and the combined aqueous extracts was acidified
with cone. HCI. Upon standing at 0-50.a yellow precipitate
was formed. Recrystallization of this substance from
chloroform-hexanes gave 34 mg (60%) of 1,7-dihydroxy-3-
methylxanthone-8-carboxylic acid (2) as golden yellow needles
which decomposed at 1950 and remelted at 2520: nmr (DMSO-d6),
2.40(s, 3H,methyl), 6.68, 6.92(singlets ,2H, 2,4-aryl),
7.52(q,J=9.5Hz,2H, 5,6-aryl); ir (KBr),maxcm-13000(
broad,OH), 1645(ketone C=O), 1630(acid C=O); uv (CHCI3),
maxnm253(loge 3.84, 275(loge 3.84), 297(loge 3.84),326(
loge 3.35), 412(loge 3.2);ms, m/e286(M),269(M-OH),
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268(M+-OH2), 242(M=-CO2), 241(M+-COOH), 240(268-CO),
212(240-CO), 184(212-CO), 183, 157, 156(184-CO), 134.
Anal. Calcd for C15H10O6: C, 62.93; H, 3.50. Found:
C, 62.61; H, 3.65.
Methylation of (30) with Diazomethane
To a suspension of 40 mg (0.13 mmole) of (30) in 50 ml
of absolute diethyl ether was added large excess of ethereal
diazomethane. The resulting mixture was left at 0°for
7 days. Evaporation of solvent left a residue which was
taken up in 100 ml of diethyl ether. After washing with
2% NaOH and water, the ethereal solution was dried over
anhydrous CaCI2. Removal of solvent in vacuo gave a crude
product which was purified by chromatography on preparative
silica gel plate, developed with chloroform, to afford 25 mg
(57%) of pure methyl 1,7-dimethoxy-3-methylxanthone-8-carboxylate
(31) as pale yellow prisms: mp 223-224°; nmr(CDCI3), 2.40(
s,3H, methyl), 3.82, 3.90, 4.01(singlets, 9H, methoxyl
and carbomethoxyl), 6.51, 6.77(singlets, 2H,2,4-aryl),
7.35(q,J=9.5Hz,2H, 5,6-aryl); ir(KBr), maxcm-1 1730(ester
C=O), 1650(ketone C=O); uv(CHCI3), maxnm251(loge 4.04),
259(loge 4.10), 290(loge 3.57), 312(loge 3.42), 364(loge 3.48).
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4-Chloro-3,5-dimethylanisole (15)
To a mixture of 78.3 g (0.50 mole) of 4- chloro-3.5
dimethylphenol (14) and 23 g (excess) of NaOH in 400 ml
of water was added 55.0 ml (0.56 mole) of dimethyl sulfate
in one portion. The reesulting mixture was refluxed for 5 hr
and extracted with diethyl ether. The collected ethereal
solution was washed with 10% NaOH to remove unreacted phenol
followed by water. Afer having been dried over anhydrous
CaCl2, the sovlent was removed in vacuo. The oily residue
was distilled at 87o/2mm Hg (lit.47 94-96o/6mm Hg) to give
79.3 g (92.5%) of colourless liquid: nmr(CCl4), 2.34(
s, 6H, methyl), 3.74(s, 3H, methoxyl), 6.63(s, 2H, aryl).
2-Chloro-5-methoxyisophthalic acid (16)
A mixture of 21.0 g (0.12 mole) of (15) and 85 g (
bxcess) of KMnO4 in one litre of water was stirred at 100o
for 5 hr until the purple colour of KMnO4 disappeared. The
resulting mixture was clarified with activated charcoal and
the colourless filtrate was contrated to a final volume of
300 ml. Acidification of the concentrated solution with
conc. HCl at Oo followed by refrigeration at 0-5o overnight
gave a white precipitate. Recrystaalllization of the crude
substance from acetone-pet. ether (60-80o) gave 7.2 g (
27.3%) of pure product as white needles: mp 206o (lit.48
207o); nmr(CD3COCD3), 3.97(s, 3H,methoxyl), 7.56(s, 2H,
artl), 10.6(s, broad, 2H, acid).
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Dimethyl 2-Chlor-5-methoxyisophthalate (17)
(A) By Treatment of (16) with Diazomethane.
To a solution of 0.5 g (2.0 mmoles) of (16) in 20 ml
of methanol was added ethereal diazomethane until the
colourless solution turned slightly yellow and evolution of
nitrogen ceased. Evaporation of solvent followed by recrystal-
lization of the residue from aqueous methanol gave 0.5 g
(90%) of white needles: mp 60°(lit.48 59-60°) nmr(CCI4),
3.88(s, 3H, methoxyl), 3.94(s, 6H, carbornethoxyl) and 7.31(
s,.2H, aryl).
(B) By Acid-catalyzed Esterification with Methanol.
A solution. of 14.0 g (0.06 mole) of (16), 50 ml of
CHC13 and 2 ml of H2SO4 in 80 ml of methanol in a 250 ml
round-bottom flask equipped with a soxhlet extracter in
which a thimble of anhydrous MgSO4 was refluxed for 2 hr.
After scivent removal, the oily residue was taken up by
diethyl ether and the ethereal solution was successively
washed with 10% NaOH and water. Evaporation of solvent
followed by recrystallization of the residue from aqueous
methanol afforded 11.3 g (73%) of pure product which was
identical in all respects with the substance obtained above.
3. Hydroxy-5-methoxytoiuene (18)
To a mixture of 14.2 g (0.10 mole) of orcinol
monohydrate and 200 ml of 2% NaOH at room temperature under
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nitrogen. was added slowly 12.0 ml (0.10 mole) of dimethyl
sulfate over 1 hr. The resulting mixture was refluxed for
2 hr and the cooled reaction mixture was extracted with
diethyl ether. The combined ethereal extracts was in turn
extracted with 10, NaOH. The basic solution was acidified
with conc. HC1 and extracted repeatedly with diethyl ether.
After washing with 10% NH4OH and water, the ethereal solution
was dried over anhydrous CaC12. Evaporation of solvent in
vacuo, the oily residue was vacuum distilled, the fraction
which boiled out at 106°/3mm Hg was collected. Recrystal-
lization from acetone-pet. ether (6080°) gave 7.1 g (51%)
of white crystals: mrp 58-60° (lit 49 61-62°) nmr (CDC1),
2.27(s, 3H, methyl), 4.78(s, 3H, methoxyl), 5.5(broad, 1.H,
hydroxyl), 6,31-(m, 3H, aryl).
Ullmann Reaction of (17) with (18)
An intimate mixture of 7.7 g (30 nimoles) of (17),
4.5 g (33 mmoles) of (18), 0.38 g of freshly prepared Cu
powder and 1.7 g (32 mmoles) of NaOCH3 was heated under
nitrogen at 200--205° for 2 hr. The resulting dark paste
was taken up in CCl4 and washed with 100/10 NaOH to remove
unreacted phenol and other acidic by-products. The CC14
solution was concentrated and poured into a column of silica
gel. Elution with pet. ether (40-60°)-benzene (1:2) gave
a white solid which was recrystallized from pet. ether (60-
800) to afford 0.6 g (r1 based on (17)) of dimethyl 5-
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methoxyisophthalate as white leaflets: mp 112° (lit.50
110-111°); nmr(CCI4), 3.65(s, 9H, methoxyl and carbo-
methoxyl), 7.20(d, 2H, 4,6-aryl), and 7.68(m, 1H, 2-aryl).
Further elution with benzene gave a second fraction
which was recrystallized from n-hexane to afford 3.5 g (
32.6% based on (17)) of dimethyl 5-methoxy-2-(3-methoxy-
5-methylphenoxy)isophthalate (20) as white prisms: mp 98°
(lit.48 97-98°); nmr(CCI4), 2.50(s, 3H, methoxyl), 5.91(
m, 2H, aryl of the moiety of (18)),6.10(m, 1H, aryl of
the moiety of (18)), 7.3(s, 2H, aryl of the moiety of (17)).
Attempted Cyclization of (20) with Conc. Sulfuric Acid
A mixture of 0.2 g (5.5 mmoles) of (20) in 10 ml of
conc. H2SO4 was heated on a water bath at 50° for 4 hr.
when the yellow solution was poured into 30 ml of cold H2O,
only a small amount of emulsion was observed. After refri-
gerating overnight, the yellow jelly (~10 mg) was collected.
Attempted purification of this substance by extraction with
base or thin layer chromatography was unsuccessful. In
addition, isolation of organic substances from the aqueous
acid filtrate above by extraction with organic solvents
also failed.
Base Hydrolysis of (20)
A suspension of 3.0 g (8.3 mmoles) of (20) in 100 ml
of 10% KOH was refluxed for 3 hr during which period a
50
homogeneous clear solution was formed. Acidification of
the reaction mixture followed by refrigeration at 0-5o
overnight gave a white solid which was dried thoroughly
in a vacuum desiccator. Recrystallization from acetone-
pet. ether (60-80o) afforded 2.5 g (91%) of 5-methoxy-2-
(3-methoxy-5-methyl-phenoxy)isoophthalic acid (32) as white
prisms: mp 213-214o; nmr(DMSO-d6), 2.00(s, 3H, methyl),
3.49, 3.68(singlets, 6H, methoxyl), 5.82(s, 2H, aryl of the
moiety of (18)), 6.11(s, 1H, aryl of the moiety of (18)),
7.21(s, 2H, aryl of the moiety of (17)); ir(KBr), maxcm-1
3200-2500(broad, OH), 1730 and 1670(acid c=o); uv(CH3OH),
maxnm204(loge 4.73), 281(shoulder, loge 3.61), 307(loge
3.61); ms,m/e332(M+), 315(M+-OH), 314(M+-OH2), 297(315-
OH2), 296(314-OH2), 195(C9H7O5).
Anal. Calcd. for C17H16O7: C, 61.45; H, 4.85.
Found: c, 61.22; H, 4.90.
Attempted Cyclization of (32) by Polyphosphoric Acid
A mixture of 1.0 g (3.0 mmoles) if (32) ub polyphosphoriic
acid51, which was prepared by adding 16 g of P2O5 in 10 ml
of 90% ortho-phosphoric acid, was heated at 90o for 3 hr.
The resulting syrup was cooled and decomposed in ice-water
with vigorous stirring. After refrigerating overnight,
only an intractable jelly substance was obtained. Lowering
the reaction temperature to 50o and 25o gave similar result.
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Attempted Cyclization of (32) by Fuming Sulfuric Acid
To 10 ml of fuming sulfuric acid (25% SO3) at 0° was
added 1.0 g (3.0 mmoles) of (32). The reaction mixture was
vigorously stirred and gradually brought to 50°. After 2 hr at
this temperature, the reaction mixture turned into a
reddish brown syrup. Decomposition with ice-water gave a
yellow jelly substance from which a pure compound could
not be isolated.
Attempted Cyclization of (32) by Zinc Chloride
To a solution of 1.0 g (3.0 mmoles) of (32) in 30 ml
of POCl3 was added 0.85 g (6.3 mmoles) of freshly fused
ZnCl2 powder. The resulting mixture was protected from
atmospheric moisture and stirred at 50-60° overnight.
The cooled reddish brown solution was poured into ice-water
to give a white precipitate which was collected and extracted
with 5% NaHCO3. Acidification of the basic filtrate gave
an amorphous white solid (^-0.k g) from which a pure compound
could not be isolated due to insolubility in most organic
solvents. Further attempt of acid-catalyzed esterification
of this substance with methanol also failed to give an
observable product.
Lowering the temperature for this reaction did not
bring about a chemical change as starting material was
recovered unchange.
52
Meth. 1- Mothyl--3.47-mcthoxyxanthone-5-carboxylate (34)
(A) Conversion of (32) into 5-Methoxy-2-(3--methoxy-5-
methylphenoxy)isophthaloyl Chloride (37).
A mixture of 1.5 g (4.5 mmoles) of (32) in 30 ml
(excess) of SOC1 2 was stirred at 600 overnight. Removal
of SOCl2 under reduced pressure left a brown oil which
was used directly in the next step without further purification.,
(B) Cyclization of (37) by A1C13.
To a solution of compound (37) from above in 50 ml
of nitrobenzene was added 0.66 g (4.9 mnioles) of andydrous
A1C13. After stirring at 600 overnight, the reaction complex
was decomposed by pouring into 30 ml of cold 5% NaOH. Nitro-
benzene was removed by extraction with diethyl ether and
the aqueous sayer was acidified with cone. HCl and kept at
0--5° for 24 hr. The crude xanthone-5-carboxylic acids (0.7 g)
was collected by filtration and repeatedly washed with water.
Owing to its poor solubility in most organic solvents, this
substance was used in the next step without further purification.
(C) Esterification of Crude Xanthone-5-carboxylic Acids.
A mixture of 0.7 g of the above cr11de xanthone-5-
carboxylic acids, 50 ml of C11C131 80 ml of CH3OH, and 3 ml
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of conc. H2SO4 was refluxed for 12 hr. Continuous azeotropic
removal of water was effected by allowing the condensate to
pass through a thimble of anhydrous MgSO4 which was properly
placed in a soxhlet extracter. Upon completion of reaction,
the organic solvent was removed in vacuo. The residue was
taken up in 80 ml of diethyl ether and the ethereal solution
was washed with 5% NaOH to remove acidic components.
Evaporation of diethyl ether gave a yellow solid which was
dissolved in a small amount of CHC13 and poured into a
column of silica gel.
Elution with pete ether (50-70°)-benzene (1:3) gave
a pale yellow solid which was recrystallized from acetone-
pet. ether (60-80°) to afford 30 mg (2% based on (32)) of
pure methyl 1-methyl-3, 7-dimethoxyxanthone-5-carboxylate (34)
as pale yellow needles: mp 186-187° nmr(CDCI3), 2.87(s, 3H,
methyl), 3.92, 4.02(singlets, 9H, methoxyl and carbomethoxyl),
6.76, 6.82(doublets, J=3Hz, 2H, 2,4-aryl), 7.88, 7.94(doublets,
J=3Hz, 2H, 6,8-aryl); ir(KBr),
maxcm-1 1735(ester C=0),
1650(ketone C=0); uv(CHC13), maxnm 238(shoulder, loge 4.52),
245(loge. 4.58), 312(loge. 4.16), 352(loge 3.92), 364(loge 3.97);
ms, m/e32 8(M+), 313 (PI+-CH 3), 297 (M+-OCH3), 269(313-C02),
269(297-CO), 254,226,211.
Anal. Calcd for C18H16O6: C, 65.85;H, 4.88. Found:
C, 65.62 H, 4.95.
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